INTRODUCTION
Maitotoxin is a high-molecular-mass polyether from the marine organism Gambierdiscus toxicus. Maitotoxin produces many responses in a wide variety of mammalian cells, including stimulation of hormone (Schettini et al., 1984) and neurotransmitter (Takahashi et al., 1983) secretion, contraction of cardiac (Kobayashi et al., 1985) and smooth ) muscle, and stimulation of inositol phosphate (Berta et al., 1986) and arachidonic acid release (Choi et al., 1990 ) (for further references and reviews see Hamilton and Perez, 1987; . All these diverse actions are critically dependent on stimulation of Ca2+ entry caused by maitotoxin (see Hamilton and Perez, 1987; . The mechanism by which maitotoxin stimulates Ca2+ entry is poorly understood. have suggested that while maitotoxin stimulates voltage-dependent Ca2+ channels in excitable cells, this is secondary to a Ca2+_ dependent depolarization and that maitotoxin first activates some other Ca2+ entry mechanism. Furthermore, maitotoxin also induces Ca2+ entry in non-excitable cells Columbo et al., 1992; Murata et al., 1992; Wanatabe et al., 1993) . Maitotoxin is by itself unlikely to be an ionophore (Takahashi et al., 1983; Sladeczek et al., 1988; Murata et al., 1992) , so a possibility is that maitotoxin directly stimulates a widely distributed Ca2+ permeant channel. Soergel et al. (1992) have reported that maitotoxin-induced Ca2+ entry and inositol phosphate turnover were blocked in rat insulinoma (RIN) and human insulinoma (HIT) cells by SKF 96365, a blocker of voltage-dependent Ca2+ channels and non-selective cation (NSC) fMLP-and maitotoxin-induced increases in [Ca2l] , were blocked by 1-{,-[3-(4-methoxyphenyl) propoxy]-4-methoxyphenylethyl}-IH-imidazole hydrochloride (SKF 96365) (Merritt et al., 1990) , but not by nifedipine, a blocker of voltage-dependent Ca2+ channels.
In order to determine if maitotoxin is indeed activating NSC channels, we compared the efficacies of SKF 96365, Cd2+ and Gd3+ in inhibiting Ca2+ entry induced by maitotoxin and the chemotactic peptide N-formyl-L-methionyl-L-leucyl-Lphenylalanine (fMLP) in differentiated HL-60 cells. HL-60 cells were used as a model, as they are devoid of voltage-dependent Ca2+ channels, and have a well-characterized NSC channel (Krautwurst et al., 1992 (Krautwurst et al., , 1993 , which is activated by fMLP and thapsigargin (Demaurex et al., 1992 and thapsigargin were dissolved in dimethyl sulphoxide (DMSO) to give stock solutions of 10 mM. Fura-2/AM was dissolved in DMSO to give a 2 mM stock. Heavy metals were dissolved in deionized water to give 10 mM stock solutions. Maitotoxin was dissolved in deionized water to give a stock solution of 50 ,ug/ml. Stock solutions were stored as aliquots at -20 'C. Further dilutions were made in deionized water.
Cell culture HL-60 cells were grown in suspension culture in RPMI-1640 medium supplemented with 10 % (v/v) horse serum, 1 % (v/v) non-essential amino acids, 2 mM L-glutamine, 50 units of penicillin/ml and 50,ug of streptomycin/ml in a humidified atmosphere with 7 % CO2 at 37 'C. To induce differentiation, HL-60 cells were seeded at a density of 1 x 106l/ml and were cultured for 48 h in the presence of 0.2 mM dibutyryl cyclic AMP (db-cyclic AMP) (Chaplinski and Niedel, 1982; Seifert and Schachtele, 1988 [Ca2+]1 was determined with the dye Fura-2/AM as previously described (Schwaner et al., 1992; Seifert et al., 1992) with minor modifications. Briefly, HL-60 cells were suspended at 1 x 107 cells/ml in loading buffer consisting of 138 mM NaCl, 6 mM KCl, 1 mM CaCl2, 1 mM MgSO4, 1 mM Na2HPO4, 5 mM NaHCO3, 5.5 mM glucose and 20 mM Hepes, pH 7.4, supplemented with 1 % (w/v) BSA. Fura-2/AM was added to give a final concentration of 4,M, and cells were incubated for 30 min at 37 'C. After this incubation period, the cells were diluted to 0.5 x 106 cells/ml and were centrifuged for 10 min at 250 g to remove extracellular dye. The cells were then resuspended at 2 x 106 cells/ml in measurement buffer consisting of 138 mM NaCl, 6 mM KCl, 1 mM MgCl2, 5.5 mM glucose and 20 mM Hepes, pH 7.4, supplemented with 100 ,M CaCl2, and kept at room temperature until measurement of [Ca2+1] . This phosphateand bicarbonate-free buffer was required for experiments with heavy metals, and was used throughout for purposes of consistency (Merritt et al., 1989) . A sample (0.5 ml) of cell suspension was added to acryl fluorescence cuvettes (Sarstedt, Niimbrecht, Germany), further diluted with 1.5 ml of the measurement buffer and CaCl2 added to give a final concentration of 1 mM. Fluorescence was determined at 37°C under constant stirring at 1000 rev./min, using a LS 50B dual-wavelength spectrofluorimeter (Perkin-Elmer, Beaconsfield, Bucks., U.K.). The excitation wavelengths were 340 nm and 380 nm and the emission wavelength was 510 nm. In some experiments, a Ratio II spectrofluorimeter (Aminco, Silver Spring, MD, U.S.A.) was used. The excitation wavelength was 340 nm, and the emission wavelength was 510 nm. Cells were incubated for 3 min at 37 0C before addition of stimuli. Fluorescence signals were calibrated after lysis of the cells with 0.1 % (w/v) Triton X-100 (maximal fluorescence) and subsequent addition of20 mM EGTA (minimal fluorescence). experiments, Mn2+ was added to nominally Ca2+-free measurement buffer 1 min before the stimulus (forward method), in other experiments Mn2+ was added to nominally Ca2+-free measurement buffer 1 min after the stimulus (reverse method, see Merritt et al., 1989) . The reverse methodology is more suitable for demonstrating slowly developing NSC-channel opening, such as that produced by thapsigargin. Traces were calibrated against quenching of Fura-2 fluorescence by known concentrations of Mn2+ in cell suspensions permeabilized by Triton X-100.
RESULTS
In the presence of extracellular Ca2+ fMLP (0.1 ,uM) produced a rapid increase in [Ca2+]i which remained elevated for several min (Figure 1 Gd3+ (10 l M) strongly inhibited fMLP-induced increases in [Ca2+]1, while Cd2+ (10 ,M) was virtually ineffective (see Figures  3 and 4) . As with the effects of SKF 96365, Gd3+ was more effective on the shoulder than on the peak response. In contrast, Gd3+ (10 #M) had no effect on the maitotoxin-induced increases in [Ca2+]1, while Cd2+ (10 l M) produced a moderate inhibition.
Both fMLP (0.1 ,uM) and thapsigargin (0.1 ,uM) produced substantial quenching of Fura-2 fluorescence at 360 nm in the presence of extracellular Mn2+ (Figure 5 ), presumably due to entry of Mn2+ through NSC channels (Merritt et al., 1989) . In contrast, maitotoxin produced no quenching of fluorescence, using either the reverse (see Figure 5) or the forward method (data not shown). Using the reverse methodology with Ca2+ (i.e. adding the stimulus to cells suspended in nominally Ca2+-free buffer, then adding Ca2+ 2 min later, excitation wavelength 340 nm) [Ca2+]1 increased rapidly after maitotoxin application to the concentrations achieved using the forward method (data not shown). The concentration-response curves to fMLP for increasing [Ca2+] , and Mn2+ quenching were almost superimposable, and the sensitivities of stimulus-induced Ca2+ entry and Mn2+ quenching to SKF 96365 were similar (data not shown), suggesting that in these cells stimulus-induced fluorescence quenching by Mn2+ was an index of stimulusinduced Ca2+ entry.
DISCUSSION
Maitotoxin has been reported to stimulate Ca2+ entry in all cells reported so far except 3T3 fibroblasts (see review by , including both excitable and non-excitable cells. In agreement with a previous report (Takahashi et al., 1983; Murata et al., 1992) or mitochondria (Takahashi et al., 1983) nor forms pores in black-lipid membranes (Sladeczek et al., 1988) Figure 1 ). This is in agreement with previous reports ; see also . Soergel et al. (1992) have suggested that maitotoxin directly activates an NSC channel(s). In the present study the maitotoxininduced Ca2+ entry was inhibited by SKF 96365 (see Figures 2  and 4) , which blocks both voltage-dependent Ca2+ channels and NSC channels (Merritt et al., 1990) . As HL-60 cells have an SKF 96365-inhibitable NSC channel and are devoid of voltagedependent Ca2+ channels (Krautwurst et al., 1992) , maitotoxin could plausibly be activatating NSC channels in these cells. This finding is in agreement with the report of Soergel et al. (1992) (Krautwurst et al., 1993) . This was confirmed in the present study, where the fMLP-induced increases in Ca2+ entry are blocked by 10 ,M Gd3+ but not by 10,uM Cd2+ (see Figures 3 and 4) . In contrast, the maitotoxin-induced increases in Ca2+ entry were unaffected by 10 #M Gd3+, whereas 10 ,M Cd2+ produced a modest but significant block. Thapsigargin-induced increases in Ca2+ entry have a sensitivity to heavy-metal ions similar to that of fMLP (Demaurex et al., 1992) .
In the present study Ca2+ entry was estimated by subtracting increases in [Ca2+] , measured in the absence of extracellular Ca2+ from that measured in its presence, and it may be argued that the differences in sensitivity to blockers are an artefact of this procedure. However, the sensitivity of fMLP-induced Ca2+ entry to SKF 96365, Gd3+ and Cd2+ at 80 s after addition of stimulus, by which time release of Ca2+ from the intracellular store had returned to baseline, agrees reasonably well with electrophysiological studies (Krautwurst et al., 1993) .
We studied an index of Ca2+ entry uncomplicated by Ca2+ release from intracellular stores, i.e. stimulus-induced quenching of Fura-2 fluorescence (Merritt et al., 1989; Demaurex et al., 1992; Krautwurst et al., 1992) . However, although fMLP and thapsigargin stimulated substantial quenching of Fura-2 fluorescence in the presence of extracellular Mn2 , maitotoxin produced no quenching at all under a variety of protocols (see Figure 5 ). This suggests that the mechanism by which maitotoxin increases [Ca2+]1 is poorly permeable to Mn2+, especially since the thapsigargin-induced Mn2' quenching could be clearly seen, although the latter Ca2+ entry develops even more slowly than that of maitotoxin and is also smaller in extent (see Figures 1 and  5) . Murata et al. (1992) reported that maitotoxin induces an influx of 54Mn2+ into HIT cells. However, the influx of 54Mn2+ was more than 20 times smaller than 45Ca2+-influx and this report is thus consistent with our results. (Merritt et al., 1990 
